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Comment on the "Freeze-In" mechanism of dark matter production
John McDonald∗
Cosmology and Astroparticle Physics Group, Dept. of Physics, University of Lancaster, Lancaster LA1 4YB, UK
We point out an earlier implementation of the "freeze-in" mechanism for the production of very weakly-
interacting dark matter. We also clarify a footnote given in 0911.1120 regarding this eariler paper.
PACS numbers:
I. INTRODUCTION
In [1] a mechanism for production of very weakly-
interacting dark matter was proposed. The idea is that parti-
cles which are in thermal equilibrum can decay to stable par-
ticles which are very weakly-coupled to the thermal equilib-
rium particles. Being very weakly-coupled, the stable parti-
cles remain out of thermal equilibrium and become a density
of dark matter. The majority of dark matter particles are pro-
duced by decays when T ≈ M, where M is the mass of the
thermal equilibrium particle. Thereafter the number density
of the decaying particles becomes Boltzmann-suppressed, ef-
fectively switching off dark matter production.
This mechanism was called "freeze-in" in [1]. The purpose
of this short note is to point out that [1] was not the first paper
to introduce and apply this mechanism. It had been introduced
several years earlier in [2].
In [2], exactly this mechanism was applied to the specific
case of the production of gauge singlet scalar dark matter by
decay of Higgs bosons via the ’Higgs portal’ coupling. The re-
sults of [2] can be summarised as follows. The portal coupling
of gauge singlets S to the Higgs doublet H, λS†SH†H, results
in a linear coupling to the physical Higgs boson h once the
Higgs VEV is introduced. This allows the Higgs bosons in the
thermal bath to decay to pairs of singlets. An essential require-
ment for dark matter production by Higgs decays is that the
singlets S remain out of thermal equilibrium. As first noted in
[3], this requires that the coupling λ is very weak, λ <
∼
10−10.
In this case the density of S particles produced in Higgs decay
will freely expand to become a density of dark matter. In [2]
the resulting density was calculated by integrating the ther-
mal distribution of Higgs bosons down from a high T . It was
found that the largest contribution to the present dark matter
density comes from Higgs decays when T ≈ mh, after which
the Higgs bosons become Boltzmann suppressed. (Annihila-
tion of Higgs boson in the thermal bath can also contribute to
the dark matter density, but in was shown in [2] that this is
typically a sub-leading effect.) It was found that the correct
density of S dark matter is produced when λ is not very much
less than the thermal equilibrium upper bound, λ ≈ 10−10.
Gauge singlet dark matter is generally a two parameter
model, corresponding to the mass term m and the coupling
λ. In [2] it was noted that the physical S mass could be en-
tirely produced by the Higgs VEV, in the limit where m is
very small. In that case the model becomes a one parameter
model, which may be chosen to be the S mass. Therefore the
S mass is fixed by the S dark matter density. This turns out to
be ≈ 3 MeV.
[2] was motivated by the possibility that such very weakly
interacting scalars could serve as self-interacting dark mat-
ter (SIDM). This happens to require that the S mass is in the
range 1-10 MeV for S self-coupling ∼ 0.1, an intriguing coin-
cidence.
The existence and content of [2] was communicated to the
authors of [1] shortly after [1] appeared on the arXiv. How-
ever, the subsequent citation of [2] in [1], in a footnote, states
that "The phenomenology of this interaction has been previ-
ously considered in ref.[23].". This is not an accurate descrip-
tion of the content of [2]. In particular, it does not inform
the reader that [2] is in fact an earlier implementation of the
"freeze-in" mechanism.
We hope that this short note will clarify the footnote given
in [1] (which the present author has only recently become
aware of), and will inform the reader of this earlier imple-
mentation of the "freeze-in" mechanism.
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